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苄烯基)环己-1, 2-二胺 1 和 N1,N2-双(2-(1-哌啶基)苄基)环己-1, 2-二胺 2，并对其
进行结构的表征。培养出了化合物(S, S)-1 的晶体，对其作了 X-射线单晶衍射结
构分析。由手性四氮配体与[IrHCl2(cod)]2 原位生成的催化剂应用于芳香酮的不对
称转移氢化反应，在空气中，室温下高转化率地获得了手性芳香醇，对映选择性
高达 91% ee。 
3. 首次将手性 1, 2-环己二胺与双(2-甲酰基苯基)苯基膦通过 [2+2] 环缩合
反应合成出新型手性 22 员环亚胺膦配体 3，配体 3 经 NaBH4还原后生成大环胺
膦配体 4。对这两个配体作了熔点、红外、核磁、质谱和比旋光度等物理化学性
质表征，确定了其化学组成。进而培养出了配体 3 与配体 4 的单晶，得到了其
X-射线单晶衍射结构数据，分析了其手性结构。这类含有 N4 和 P2 功能团的手性
大环胺膦配体，至今文献尚未报道。 
4. 首次发现了手性大环胺膦配体 4 与 RhH(CO)(PPh3)3、NH4I 原位生成的催
化体系，能够在空气氛下，高活性、高对映选择性地催化多种芳香酮包括杂芳酮
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在着工业应用前景。 
5. 将手性大环胺膦配体 4 成功地应用于芳香酮的不对称催化氢化反应。其
与[Ru(cymene)I2]2 原位生成的催化剂能够高活性地催化芳香酮的不对称催化氢
























The design and synthesis of excellent catalysts with high activity as well as high 
enantioselectivity have long been indispensable parts of asymmetric catalysis. In this 
dissertation, four new chiral ligands, including tetraaza ligands and 22-membered 
macrocycle ligands, have been designed, synthesized, and fully characterized by 
analytical and spectroscopic methods. These chiral ligands were successfully applied 
to asymmetric reduction of various aromatic ketones. In addition, several chiral 
heteroaromatic alcohols have been obtained from asymmetirc transfer hydrogenation 
of corresponding ketones with excellent optical yields by the catalysis of chiral 
diamiodiphosphine-Ru(II) complexes. 
1. Chiral diaminodiphosphine-Ru(II) complexes were found to be excellent 
catalysts for the asymmetric transfer hydrogenation of heteroaromatic ketones in 
2-propanol. In the presence of KOH, the enantioselective reduction of heteroaromatic 
ketones proceeded smoothly to give chiral alcohols with excellent enantiomeric 
excess (up to 97% ee) under mild conditions without reduction of the heterocycle. 
These experimental results provide another attractive method for obtaining very 
useful chiral heteroaromatic alcohols and a practical tool for stereocontrolled organic 
synthesis. 
2. Novel chiral tetraaza ligands, N1,N2-bis(2-(piperidin-1-yl)benzylidene) 
cyclohexane-1,2-diamine 1 and N1,N2-bis(2-(piperidin-1-yl)benzyl)cyclohexane 
-1,2-diamine 2, have been synthesized with simple method and fully characterized by 
analytical and spectroscopic methods. The structure of (S, S)-1 has been established 
by X-ray crystallography. Asymmetric transfer hydrogenation of aromatic ketones 
with the catalysts prepared in situ from [IrHCl2(cod)]2 and the chiral tetraaza ligands 
in 2-propanol gave the corresponding optically secondary alcohols in high 
conversions and good ees (up to 91%) under mild reaction conditions. 
3. Novel chiral nitrogen, phosphorus-containing 22-membered macrocycle 3 was 
synthesized by a [2+2] cyclocondensation of chiral cyclohexane-1,2-diamine with 
bis(o-formylphenyl)phenylphosphane. Reduction of macrocycle 3 gave macrocycle 4. 
These new macrocycles were fully characterized by analytical and spectroscopic 
methods. The structure of (R, R)-3 and (R, R)-4 have been established by X-ray 
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function group of N4 and P2 have not been reported in the literature. 
4. Asymmetric transfer hydrogenation of aromatic ketones, including 
heteroaromatic ketones, with the catalysts prepared in situ from the macrocycle 4, 
RhH(CO)(PPh3)3 and NH4I in 2-propanol gave the corresponding optically secondary 
alcohols in high conversions and good ees (up to 99% ee) under air atmosphere. The 
molar ratio of S/C can reach up to 5000: 1. This catalytical system displayed a high 
reactivity and excellent optical yields in rhodium-catalyzed asymmetric transfer 
hydrogenation of ketones, making this system potentially useful for industrial 
applications. 
5. The macrocycle 4 can also be successfully applied to the asymmetric 
hydrogenation of aromatic ketones. With the catalysts prepared in situ from 
[RuCl2(cymene)]2 and macrocycle 4, optical alcohols can be obtained with high 
efficiency from the asymmetric hydrogenation of the corresponding ketones. For 
2-methyl-1-phenylpropan-1-ol, the enantioselectivity is more than 90% ee. 
 
 
Keywords: chiral tetraaza ligands; chiral aminophosphine ligands; chiral macrocycle 
aminophosphine ligands; asymmetric transfer hydrogenation; asymmetric 
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